Context: With the influx of Latin American immigrants to the United
Since low birth weight is a leading cause of infant mortality, 7 varying rates of this outcome among Hispanic subgroups may translate to similarly varying patterns in infant mortality. On the other hand, if access to neonatal intensive care services differs by maternal birthplace or ethnicity, then infant mortality rates might not reflect differences in low-birth-weight rates among Hispanic subgroups.
As a broad group, Hispanic women tend to have favorable birth outcomes, but outcomes vary among those of different origins. For instance, Puerto Rican women, whether born on the mainland or on the island, have a higher risk of delivering low-birth-weight babies than other Hispanic women (as well as a higher risk than non-Hispanic white women). 8 In addition, their infants have a higher mortality rate than babies born to other Hispanic women. 9 Women of Mexican descent, particularly those born in Mexico, tend to have favorable birth outcomes despite poor use of prenatal care services and low socioeconomic status, 10 a phenomenon known as the "Mexican paradox." Thus, cultural and lifestyle factors likely play a role in birth outcomes, and analysis of specific subgroups of Hispanic women can have important implications for public policy.
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By Nancy E. Reichman and Genevieve M. Kenney L atin American immigration to the United States has surged in the last three decades, 1 and Hispanic women have relatively high fertility rates. 2 In 1990, 14% of births in the United States were to Hispanic women, according to data from 48 states and the District of Columbia. 3 Although earlier figures were based on data from only 23 states plus the District of Columbia, births to Hispanics appear to be rising dramatically nationwide. As a result, it is increasingly important for policymakers and program planners to understand patterns in birth outcomes within the heterogeneous Hispanic community.
Disparities in birth outcomes by race have been well documented and have been the source of much policy discussion. Babies born to black women are twice as likely as those whose mothers are white to be low-birth-weight and to die before age one, and this differential remains even after maternal education, income and other risk factors are taken into account. 4 Maternal race, as well as insurance status and prenatal care use, also is a factor in access to neonatal intensive care services, 5 which are largely responsible for the roughly 50% decline in the U.S. infant mortality rate that occurred between 1970 and 1987. 6 Given differential access to services, newborn hospitalization costs also may differ systematically.
1989 and 1990, we expand here upon previous research on ethnic patterns in birth outcomes in three ways: First, since low birth weight is a marker for infant mortality and other, long-term adverse outcomes, we estimate the effects of maternal birthplace and Hispanic ethnicity not only on prenatal care use and low birth weight, but also on infant mortality and newborn hospitalization costs.
Second, since the most comprehensive study of ethnic patterns in New Jersey births to date did not control for residence, 11 some of the ethnicity and birthplace effects it found may actually reflect characteristics that vary by residence. To test this, we conduct analyses controlling for the woman's area of residence. Since there is evidence of considerable residential clustering by maternal ethnicity both in the United States as a whole and in New Jersey, 12 these results will have implications for the geographic targeting of programmatic interventions.
Third, we evaluate the birth outcomes of different Hispanic groups by using both non-Hispanic women and other Hispanic women as comparison groups, and we investigate the relationships between conventional risk factors and birth outcomes for Hispanic and non-Hispanic women separately.
Methods

Data
The data for this analysis come from linking birth and death records of single, liveborn infants delivered in New Jersey by state residents in 1989 and 1990 with uniform billing hospital discharge information. Linkage, which the state health department conducted using a set of approximately 10 personal identifiers, was achieved for more than 95% of births. Results of two-sample t-tests and a discrim-tors (e.g., prenatal care and the woman's biological characteristics), 13 we view low birth weight, infant mortality and newborn costs as reflecting the product of several demographic, economic, medical, behavioral and other risk factors. One of these factors is prenatal care use, which in turn is a function of price, income and other factors.
Since many factors associated with the use of prenatal care are unobserved, we use several individual characteristics as proxy variables to measure the determinants of first-trimester care. We expect that out-of-wedlock pregnancy, teenage pregnancy, low levels of education and Medicaid enrollment result in later care, increased probabilities of low birth weight and infant mortality, and higher hospital costs. Furthermore, we hypothesize that smoking and alcohol use, previous induced or spontaneous abortions, parity and prior loss of a child reflect the general degree of wantedness of the current pregnancy and therefore influence the level of care.
14 In addition, we include the father's birthplace because a foreign-born father's degree of assimilation in the United States may affect access to services. Finally, women with pregnancy-related hypertension are expected to have an increased probability of bearing a lowbirth-weight infant, while women with diabetes are likely to have heavier babies.
Since first-trimester care, low birth weight and infant mortality are dichotomous dependent variables, we use logistic regression to estimate the extent to which they are influenced by the above risk factors. We use ordinary least-squares regression to estimate the effects on the natural logarithm of hospital costs, which yielded a better model fit than did the charges themselves.
Black and white women are analyzed separately because of the well-established racial differences in the relationships between prenatal risk factors and birth outcomes. 15 For each race, we present separate calculations for all women and for Hispanic women because preliminary tests indicated that the results varied by ethnicity.
† The analyses include sets of dichotomous variables for both mother's birthplace and ethnicity. The regressions for all black women contain birthplace indicators for Puerto Rico and for other non-U.S. locales (with U.S.-born as the reference category in each instance), and ethnicity indicators for Puerto Rican and other Hispanic (with non-Hispanic as the reference category for each).
The calculations for white women contain dichotomous birthplace indicators for inant analysis indicate that the linked and unlinked groups did not vary significantly in terms of birth weight, timing of first prenatal visit or other relevant characteristics.
We focus on prenatal care use, selected birth outcomes and newborn hospitalization costs for women born in the United States, Cuba, Mexico and Puerto Rico.* To examine associations with ethnicity, we divide U.S.-born women into non-Hispanics, Puerto Ricans and other Hispanics; where the numbers are large enough for analysis, we also look separately at those of Cuban, Mexican and Central or South American descent. For prenatal care, we examine whether women initiated care in the first trimester of pregnancy. The birth outcomes measured are whether the baby was low-birth-weight (less than 2,500 g) and whether the infant died within 364 days after birth. Most data for these three measures come from the birth records; mortality data are from death certificates.
Hospital discharge records yielded data on insurance status and newborn hospitalization costs. Birth certificates provided data for all other individual-level measures, as reported by the woman herself (e.g., smoking and alcohol use) or by clinicians (e.g., birth weight); the prenatal care data recorded on birth certificates were either taken from clinical records or reported by the mother.
The cost measure is the sum of charges reported on the uniform bill by the hospital in which the infant was born; for the 953 infants transferred to another hospital within the state, we use reported charges from both hospitals, but for the 137 who were transferred out of state, we use only the charges from the New Jersey hospital.
Reported newborn hospitalization charges are based on the projected costs for direct services rendered to an individual (such as room and board, X rays and medications), as well as the indirect (overhead) costs of providing these services. We use this measure rather than the actual payment because New Jersey operated under a disease-related group system between 1985 and 1992, and the actual payments therefore represented the average cost of treating a given disease-related group, not the value of resources used in the care of an individual patient. Thus, the reported charges are likely to be a more accurate measure of the true cost of hospitalization than are actual payments.
Variables and Analytic Techniques
Using the infant health production function framework, in which birth outcomes are expressed as a function of multiple facCuba, Mexico, Puerto Rico and other countries outside the United States (each compared with U.S.-born), as well as dummy variables for Central or South American, Cuban, Mexican, Puerto Rican and other Hispanic ethnicities (compared with non-Hispanics). Although women born in many other countries and of other races live in New Jersey, limitations of the data set preclude analysis of other groups.
For the analyses of Hispanic women only, the excluded birthplace category is the United States, and the excluded ethnic category is other Hispanic. Also included in most of the calculations are categorical variables for the woman's county of residence and for the population of the city in which she lives (less than 50,000; 50,000-75,000; or more than 75,000).
Prenatal care use is not included in the birth outcome analyses because it is most certainly endogenous and therefore would likely produce biased estimates. Since unobserved factors correlated with cigarette smoking or alcohol use also may bias the estimates of the effects of these behavioral factors on birth outcomes and newborn costs, 16 we conducted analyses both with and without smoking and alcohol use (results not shown). The results were largely consistent across the two specifications; therefore, smoking and alcohol use are included in the birth outcome analyses, since they represent behaviors that are potentially modifiable through public policy. More research is needed, however, to assess the validity of these estimates.
Birthplace and ethnicity may be correlated with unobserved factors, leading to significant effects in the multivariate models. Rates of drug use, dietary habits, cultural norms and values, fluency in English and kinship network patterns are thought to have an impact on reproductive behavior and birth outcomes. Although none of these variables could be directly included in the analysis because of limitations of the data, important unobserved factors may be correlated with residential location, and the inclusion of county fixed-*Although Puerto Rico is part of the United States, it is treated as a separate birthplace because the reproductive outcomes of Puerto Rican women differ substantially from those of other U.S.-born women. †We conducted analyses for all women testing the interactions of each demographic, economic, medical and behavioral risk factor with Hispanic ethnicity. Tests of joint significance of the interaction terms indicate that for all outcomes except infant mortality, results differ significantly between Hispanic and non-Hispanic women. The p value for first-trimester care was .02 for blacks and .0001 for whites; for low birth weight, .01 for blacks and .001 for whites; for infant mortality, .65 for blacks and .40 for whites; and for costs, .0001 for both blacks and whites.
Results
Descriptive Statistics
For the majority of births (78%) for which linked data were available, the mother was born in the United States; for 3%, she was born in Puerto Rico; for 1% each, she was born in Cuba and Mexico; and for the remainder, her birthplace was categorized as unknown (Table 1) . Depending on the mother's birthplace, 79-95% of infants had white mothers. Virtually all babies born to U.S.-born mothers had U.S.-born fathers, compared with about one-third of those born to women from Cuba or Puerto Rico and one in 10 of those from Mexico (not shown).
We would expect that women who are most at risk for initiating prenatal care late in pregnancy would also have the worst outcomes across the board. Indeed, as Table 2 illustrates, a smaller proportion of births among black women than among whites were preceded by first-trimester care (63% vs. 86%), and black infants were at much greater risk for low birth weight (12% vs. 4%) and mortality (1.5% vs. 0.5%). They also had higher hospitalization costs (approximately $1,900 vs. $1,200).
An examination of births among black women revealed that non-Hispanic U.S.-born mothers were less likely to receive first-trimester care than all others except those born in Mexico. Their babies had the highest rates of low birth weight and infant mortality, as well as the highest mean effects and city-size dummies therefore might effectively control for these factors.*
Complete information for the multivariate analyses was available for more than 80% of the infants born to more than 200,000 women. The tables present the coefficients from the regression analyses. For prenatal care and the birth outcomes, these coefficients represent the increase or decrease in the log odds of having the event occur; exponentiating the coefficients gives the effect of the variable on the relative odds that the outcome will occur. For newborn hospitalization costs, exponentiating the regression coefficients yields estimates of relative costs. hospitalization costs. In contrast, among white mothers, U.S.-born non-Hispanics had a higher rate of first-trimester care than any group except Cuban-born women. Infants of U.S.-born non-Hispanic women had the lowest rate of low birth weight, a lower rate of mortality than any other group except infants of U.S.-born Cubans and Central or South Americans, and the lowest mean hospitalization costs.
Puerto Rican white women, regardless of where they were born, initiated care later than did all other whites except the infants born in Mexico, and their infants had the highest rates of low birth weight and mortality among all whites. Although Puerto Rican black women were similar to their white counterparts in their prenatal care use and birth outcomes, these figures compare favorably with those of other black women.
Finally, newborns of both mainland-and island-born Puerto Rican white women had higher hospitalization costs than did all other white groups except the infants of U.S.-born women of Cuban and Central or South American descent. In contrast, the costs for infants of black women born in Puerto Rico were much lower than for all of the other black groups except women born in Mexico; they were also lower than costs for all of the white groups. Table 2 reveals evidence of the Mexican paradox. White women born in Mexico were only about half as likely as U.S.-born non-Hispanic white women to receive firsttrimester care, U.S.-born white women of Mexican descent were more likely than nonHispanics and white women of Cuban birth or descent to delay care beyond the first trimester, and black women born in Mexico were much less likely than all other blacks to receive first-trimester care. Nevertheless, birth outcomes among black women from Mexico compared quite favorably with other black women's, and outcomes among Mexican-born white women did not reflect the differences found for prenatal care.
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Family Planning Perspectives Notes: Data for black women exclude several subgroups that contained too few women for analysis. For a given birthplace, the numbers of black and white women may not add to the total shown in Table 1 because Table 1 also includes women of other races. Ns may vary across outcomes because of missing data; the Ns shown indicate the minimum number of women in the rows. The total numbers of black women and of white women include small numbers of women born in Canada and the Virgin Islands.
women was too small for analysis ( Exponentiating the coefficients shows that among white women, those of Puerto Rican ancestry are about 30% more likely than non-Hispanics (relative risk of 1.34) and 20% more likely than other Hispanics (1.23) to deliver a low-birth-weight infant. However, neither the infant mortality risk nor the newborn hospitalization costs for these women's babies are significantly elSince the groups varied in terms of risk factors for both late care and poor outcomes, these differences by ethnicity and birthplace may be reduced when observed risk factors are taken into account. For example, U.S.-born black mothers were less likely than their foreign-born counterparts to be married, more likely to be teenagers, and more likely to smoke cigarettes and to drink (not shown). Among white mothers, mainland-and island-born Puerto Rican women were the least likely to be married, the most likely to be covered by Medicaid and among the least educated. The multivariate analysis will determine if effects associated with birthplace and ethnicity remain even after important risk factors are controlled for.
Multivariate Results
The multivariate results support the Mexican paradox for white women (Table 3) , but among blacks, the number of Mexican evated. These results are surprising, given that the descriptive statistics indicate higher infant mortality and elevated costs for white women born in Puerto Rico.
In view of research suggesting that mean birth weights vary among ancestral and cultural groups because of differences in factors such as maternal height and nutrition, 17 we assumed that if the low-birthweight cutoff of 2,500 g is higher than what might be appropriate to distinguish "healthy" from "unhealthy" babies among Puerto Rican white women, the significant effects in this analysis would be misleading. Therefore, to test the robustness of the results for ethnic Puerto Rican white women, we redid the low-birth-weight analyses using 2,000 g as the cutoff. The results remained substantially unchanged, implying that white women of Puerto Rican ancestry are indeed at increased risk of delivering low-birth-weight babies.
Other ethnic differences are less dra- outcome and cost effects are not significant in the analyses for Hispanics only. Among white women, those whose babies have native-born fathers are relatively likely to initiate care early and, in the analysis for all women, have lower costs, but have no differences in other outcomes compared with those whose babies have foreign-born fathers.
Many risk factors also demonstrate effects in the hypothesized pattern across the four outcomes. As expected, for both black and white women, married mothers typically begin care earlier and have better outcomes and lower newborn costs than those who give birth out of wedlock. Also as expected, better educated women generally receive earlier care and have lower risks of low birth weight and lower hospitalization costs. Lack of insurance is also significant in the hypothesized direction across most outcomes.
White women who smoke initiate care later and have a higher probability of delivering a low-birth-weight infant than those who refrain from smoking. Cigarette smoking also significantly increases the matic. Central or South American and other Hispanic white women begin care later and have higher costs than their nonHispanic white counterparts, but they are not at increased risk for poor birth outcomes. Ethnic Cuban white women are relatively likely to get early care, and have no worse outcomes or higher costs than non-Hispanic white women.
In a few cases, ethnic and birthplace differences are consistent across the four dependent variables. Foreign-born black women, except those from Puerto Rico, initiate care earlier and have better outcomes and lower costs than U.S.-born black women (Table 4) . Many foreign-born whites begin care later than their U.S.-born counterparts; however, except women from Mexico, who have higher costs, no foreign-born white group is at increased risk of having other poor outcomes.
Among black women, those whose infants' fathers were born in the United States have a tendency to begin care earlier and to have better outcomes and lower newborn costs than those whose babies' fathers were born elsewhere, although the probability of infant mortality, but has no effect on costs for white infants. Black women who smoke initiate care later (except when the analysis is restricted to Hispanics) and have a higher probability of low birth weight and higher costs than blacks who do not smoke. Alcohol consumption demonstrates the expected pattern of later care and worse outcomes for blacks, but is nonsignificant for most outcomes among whites.
For both black and white women, prior loss of a child has a positive effect on the timing of care (except when the analysis is limited to Hispanics), but significantly increases the likelihood of poor outcomes and higher costs. For both races, pregnancy-related hypertension increases the risk of low birth weight, and both hypertension and diabetes generally increase costs. Although the fewest significant effects are found for infant mortality, the results indicate that a problematic reproductive history, as captured by previous spontaneous or induced abortions and prior loss of a child, significantly increases the probability of infant mortality for both blacks and whites. 186 Family Planning Perspectives that white women of Puerto Rican descent are not at increased risk for infant mortality. The analyses may simply have been unable to capture many effects because this outcome is relatively rare, and more effects might become significant with a larger sample. Indeed, the results on infant mortality reveal very few significant effects in general. The results for costs, however, are even more puzzling: Despite their elevated risk of having a low-birth-weight baby, Puerto Rican white women do not have higher newborn hospital costs. One possible explanation of the seemingly contradictory results for low birth weight and costs is that the babies in question may experience difficulties after discharge from their initial hospitalization, rather than acute episodes beginning at or shortly after birth. Indeed, low birth weight is associated with a host of longterm problems, many of which can take years to become apparent (including cerebral palsy, respiratory conditions and learning disabilities); 24 as a result, costs for care stemming from low birth weight may mount during childhood.
New Jersey Hispanics' Prenatal Care and Birth Outcomes
Another possible explanation for the paradoxical findings on birth weight and cost is that babies born to Puerto Rican white women have an elevated risk of infant mortality that could not be detected in our sample, and these women have less access to high-quality neonatal care than others. If this is the case, the result could be elevated rates of infant death and no significant increase in newborn costs.
Although the multivariate results indicate that ethnic Puerto Rican black women begin prenatal care earlier and have better birth outcomes than non-Hispanic blacks, the descriptive statistics show that Puerto Rican blacks and Puerto Rican whites have similar levels of prenatal care use and similar birth outcomes. Puerto Ricans of both races are heavily concentrated in counties that have large black populations. The public health departments in these counties may be able to substantially improve birth outcomes by expanding their outreach activities for both family planning services and Medicaid, and by further streamlining the Medicaid enrollment process.
Although the intent of this analysis was to focus on maternal birthplace and ethnicity, the findings have broader implications for public policy. The results reinforce that unwed motherhood and cigarette smoking are clear risk factors for adverse outcomes, underscoring the potential importance of family planning and smoking cessation programs for high-risk
The results indicate differences between Hispanic and non-Hispanic women in the effects of several covariates. For whites in particular, low socioeconomic status (as reflected by education and insurance status) is generally associated with worse outcomes for all women combined, but has no effects for Hispanic women. The same also appears to be true for blacks, except that having Medicaid coverage reduces the lowbirth-weight rate for Hispanic women. The finding that low socioeconomic status matters less for Hispanics than for non-Hispanics is consistent with explanations focusing on protective cultural factors among certain Hispanic groups that may ameliorate the negative effects of poverty. 18 Differences in the effects of behavioral factors between Hispanic and non-Hispanic women are fewer and less consistent. The effects of smoking on low birth weight and newborn costs for Hispanic black women are twice those for black women overall. Also, alcohol use has significant effects in the hypothesized direction on all outcomes for black women as a group, but it appears to have no significant effects for black Hispanics.
Conclusion
The descriptive findings indicate that Puerto Rican white women giving birth in New Jersey were twice as likely, relative to their U.S.-born non-Hispanic white counterparts, to have a low-birth-weight baby and to have an infant who died within the first year of life. In addition, their newborn hospitalization costs were 25% higher than those of U.S.-born non-Hispanic white women. The multivariate analysis indicates that even after we controlled for area of residence as well as numerous other demographic, economic, medical and behavioral risk factors, white women of Puerto Rican descent have a significantly higher risk of delivering lowbirth-weight babies than other Hispanic whites and non-Hispanic white women.
One factor contributing to the lowbirth-weight effect for Puerto Rican women is their late initiation of prenatal care. However, in analyses not shown here, we found that unobserved factors associated with being Puerto Rican increase the risk of low birth weight for white women, even when delayed prenatal care is taken into account. Related studies indicate that the unexplained risk could be due to poverty, 19 inadequate diet, 20 drug use, 21 lack of family or community support, 22 or sporadic use of prenatal care once it has been initiated. 23 The multivariate analysis also indicates women of both races. The results also suggest the existence of systematic inequities in the access to and quality of newborn hospital resources. Further research is needed to determine whether not only Puerto Rican women, but all those who are at high risk for having low-birthweight babies, face barriers to quality neonatal care.
Finally, while this study focused on birthplace and ethnic differences within racial groups, disparities by race may be at least as important as variations in birthplace and ethnicity. In particular, the starkest contrasts for these New Jersey mothers were between non-Hispanic blacks and non-Hispanic whites who were born in the same place. Hispanic women, on the other hand, had many fewer racial differences. Understanding the sources of the racial disparities is important for formulating policies designed to improve birth outcomes.
